Abstract. A novel chloro[2,9,16(2,9,17 ), production was evaluated using 9,10-dimethylanthracene (DMA). The photodynamic effect was strongly dependent of the medium, diminishing where the sensitizer is aggregated but it increases in an appropriated surrounding microenvironment. The studies show that SubOPc 3+ can be an interesting agent with potential applications in photodynamic inactivation of bacteria.
Introduction
Subphthalocyanines are composed of three diiminoisoindole rings N-fused around a boron core. Their 14 π-electron aromatic core along with their nonplanar cone-shaped structure make them attractive compounds due to their chemical and physical properties [1] .
Subphthalocyanines are synthesized by cyclotrimerization reaction of phthalonitrile precursors in the presence of a boron trihalide. Symmetrically substituted phthalonitriles produce a single subphthalocyanine, while asymmetric phthalonitriles yield a mixture of two subphthalocyanine regioisomers with C 1 and C 2 symmetries (Scheme 1). When electronic or steric interactions are not influencing the regioisomeric distribution, the ratio C 3 :C 1 follows a statistical distribution 1:3, respectively [1] . UV-Visible absorption spectra of subphthalocyanines are comparable to the ones obtained for phthalocyanines in that they both show a Soret and Q-bands. However, in the case of subphthalocyanines there is a tendency for both the Soret band (~300 nm) and the Q-band (~560 nm) to shift to shorter wavelength with respect to phthalocyanines as a consequence of the decrease of the π-conjugation system. The absorption coefficients (ε) at Q-band are ~5x10 4 M -1 cm -1 [2] .
Also, subphthalocyanines are fluorescent with quantum yields of φ F ~0.25 and they have a long lifetime of triplet excited state to produce efficiently singlet molecular oxygen, O 2 (
Therefore, subphthalocyanines are interesting candidates for use in photosensitization processes, especially in situations where absorption in the red part of the spectra is not required.
This can be the case of pathogenic microorganisms growing in vivo as localized foci of infection, on skin or on accessible mucous membrane, which can be treated by photodynamic inactivation (PDI) [3] . In previous works, we have investigated the photodynamic activity of photosensitizers with different number of cationic charges in vitro as agents to eradicate Gram-negative bacteria [4] [5] [6] [7] . Porphyrin derivatives bearing three cationic charges showed to be active photosensitizers to inactivate Escherichia coli cells [6, 7] .
Taking into account these considerations, in this paper we report the synthesis a novel 
Synthesis of subphthalocyanines
A three-step method was used to synthesize SubOPc The steady-state fluorescence emission spectra of subphthalocyanines were performed in DMF/water (10%)/HCl (1.2 mM) (Figure 2 ). The spectra show one intense band at ~575 nm, which are characteristic for similar subphthalocyanines [1] . By comparison with SubPc as a reference, the values of fluorescence quantum yields (φ F ) were obtained. Values of φ F are shown in Table 1 . A small Stokes shift (~10 nm) was observed indicating that the spectroscopic energy is nearly identical to the relaxed energy of the singlet state. Taking in account the energy of the 0-0 electronic transitions, the energy levels of the singlet excited stated (E s ) were calculated ( Table 1) .
These results are in agreement with those previously reported for this family of photosensitizers [1] . From first-order kinetic plots the values of the observed rate constant (k obs DMA ) were calculate for DMA (Table 1) . In DMF, non-charged subphthalocyanines, SubPc and SubOPc, photodecompose DMA with identical rate, indicating that both sensitizers present the same O 2 (
this solvent. However, DMA reaction was not detected using SubOPc 3+ in DMF since in this media the cationic sensitizer is highly aggregate. In SDS, only SubOPc and SubOPc 3+ were evaluated due to the low solubility of SubPc in this micellar system. In this case, a higher rate of DMA decomposition was obtained with SubOPc 3+ probably due to a better solubilization as monomer than the non-charged sensitizer. The ability of the tree sensitizers were compared in acidified DMF/water. In this condition, the quantum yield of O 2 ( 1 ∆ g ) production (Φ ∆ ) were calculated comparing the slope for subphthalocyanines with the corresponding slope obtained for the reference, SubPc. The results are gathered in Table 2 . Thus, it can be note that O 2 ( 1 ∆ g ) production are very dependent of the medium where the sensitizer is localized and considerably diminishes when the subphthalocyanine is aggregated. 
Conclusions
In summary, a novel tricationic subphthalocyanine has been conveniently synthesized in three-steps: nucleophilic aromatic substitution reaction was used to produce 4-(4- , the cationic centers are isolated from the subphthalocyanine macrocycle ring by an alcohoxy bonds. This spacer provides a higher mobility of the charges, which could facilitate the interaction with the outer membrane of the Gram-negative bacteria [5] .
Subphthalocyanines with their cone-shaped structure should not be form aggregated in several solvents. That is the case of non-charged subphthalocyanines, such as SubPc o SubOPc.
Unfortunately, the cationic SubOPc 3+ is essentially aggregated in solution of different solvents and it is partially dissolved as monomer in only ones few media (per example acidified DMF/water and SDS solution). The O 2 ( 1 ∆ g ) production studies in different media confirm that SubOPc 3+ can be an efficient sensitizer mainly depending of the microenvironment where it is localized. Thus, its photodynamic efficiency in biological systems is not directly predictable on the basic of photophysical investigations in solution [8] . Studies of PDI in vitro to evaluate the activity of these sensitizers on a Gram-negative bacterium Escherichia coli, are presently in progress in our laboratory.
